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ABSTRACT 
 
 
 
 
Malaysia is located at a very low seismic activity area but the active earthquake 
fault line is through the centre of Sumatran, Indonesia which lies just approximately 
350km from Peninsular Malaysia. The earthquake that occurs in Indonesia was due to the 
strike-slip fault that has affected the building structure in Malaysia. It happens because of 
the amplification process generated from the source of the event. The aim of this study 
was to evaluate performance and vulnerability of offshore structures using real peak 
ground acceleration. Between 2004 and 2012, a few interpolate earthquake events with 
magnitudes of Mw ≥ 3.5 were recorded. These data were provided by Malaysia 
Meteorological Department Malaysia (MMD) and 10 of the events were shallow strike-
slip events. The earthquake Off West Coast of Sumatra that happened on 26th December 
2004 has been selected as the biggest earthquake event in the Malaysia region during that 
time. By using regression analysis, attenuation function that has been developed and the 
value of maximum ground acceleration that hit offshore platform was identified. Using the 
real peak ground acceleration, vulnerability and performance of 5 models of typical 
offshore platforms were evaluated. The typical fixed offshore platform was analysed by 
using SAP 2000 finite element software. Time history analysis and pushover analysis were 
done on the models in which the results were compared to the resistance value itself and 
the performance indicator produced by FEMA-365. The offshore structure was analysed 
by several steps in pushover in terms of x-direction and y-direction and some parts of the 
structure were classified as Immediate Occupancy (IO), Life Safety (LS), and Collapse 
Prevention (CP) level of performance. Moreover, the results retrieved from the real scale 
analysis were compared to the experimental work that employed the harmonic shaking 
table machine. In conclusion, the findings contribute to the seismic performance of 
offshore platforms in Malaysia. It proves that the offshore platforms in the country is very 
well sustained with a high-end performance. 
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ABSTRAK 
 
 
 
 
Malaysia adalah sebuah negara yang terletak dalam kawasan aktiviti gempa yang 
sangat rendah, tetapi jarak garis sesar yang melalui Sumatera adalah di dalam lingkungan 
350km dari Semenanjung Malaysia sahaja. Gempa bumi yang berlaku di Indonesia 
disebabkan strike slip fault memberikan kesan terhadap struktur bangunan di Malaysia. 
Perkara ini berlaku kerana proses peralihan tenaga yang tercetus dari pusat punca gempa. 
Matlamat kajian ini adalah untuk menilai prestasi dan tahap kelemahan pelantar minyak 
menggunakan nilai sebenar ground acceleration. Antara tahun 2004 dan 2012, beberapa 
kejadian gempa bumi telah direkodkan berlaku dengan magnitude Mw ≥ 3.5. Kesemua data 
gempa tersebut telah disediakan oleh Malaysia Meteorological Department (MMD) dan 10 
daripadanya adalah dari aktiviti strike slip. Gempa Off West Coast of Sumatra yang telah 
berlaku pada 26th December 2004 telah dipilih sebagai gempa terbesar yang berlaku dalam 
tempoh tersebut. Dengan menggunakan analisis regression, fungsi attenuasi dibina dan nilai 
tertinggi ground acceleration yang menghentam pelantar minyak telah dikenalpasti. Dengan 
menggunakan nilai sebenar ground acceleration, kelemahan dan prestasi 5 pelantar minyak 
telah dilakukan. Pelantar minyak tersebut telah dianalisis menggunakan perisian kaedah 
unsur tidak terhingga iaitu SAP2000. Analisis time history dan pushover telah dibuat untuk 
kesemua model di mana hasilnya telah dibandingkan dengan nilai keupayaan struktur itu 
sendiri dan petunjuk prestasi yang dihasilkan oleh FEMA-365. Pelantar minyak tersebut 
dianalisis dengan beberapa langkah dalam pushover pada arah-x dan arah-y dan sebahagian 
dari struktur telah diklasifikasikan kepada peringkat prestasi Immediate Occupancy (IO), 
Life Safety (LS), dan Collapse Prevention (CP). Selain itu, keputusan yang didapati dari 
analisis skala sebenar telah dibandingkan dengan kerja-kerja eksperimen yang dibuat 
menggunakan mesin harmonic shaking table. Kesimpulannya, hasil dari kajian ini telah 
menyumbang kepada prestasi pelantar minyak di Malaysia terhadap gempa bumi. Ini telah 
membuktikan bahawa pelantar minyak di negara ini adalah sangat kukuh dengan prestasi 
yang amat mengagumkan. 
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CHAPTER I 
 
 
 
INTRODUCTION 
 
 
 
1.1 Introduction 
 
 Earthquakes are one of the world's most devastating and frightening natural 
disasters. Undoubtedly, we are aware of the hazards, effects and damages caused by 
this unpredicted natural disaster. Basically, earthquakes do not kill people, but they 
collapse buildings and their contents down. The greatest hazard in an earthquake is 
the collapse or fall of man-made and natural structures that causes extensive losses of 
life and property.  
 
As a result, the seismic effects should not only be considered in the countries 
that have a high risk of a strong earthquakes, but also for countries that are subject to 
low-to-moderate earthquakes for instance Malaysia since the power of an earthquake 
has proven to be unpredictable. 
 
Most Malaysians may feel that the country is generally free from any major 
active seismic activities as a consequence of its strategic location. In fact, positioned 
at the periphery of the ring of fire and beside the Philippines and Indonesia, two 
neighbouring countries which have seen violent occurrences of seismological 
activities, the possibility of being jolted by moderate earthquakes cannot be 
excluded.  
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Moreover, the Malaysian Meteorological Department detected the occurrence 
of eight earthquakes in East Malaysia in the magnitude range of 2 to 4.5 Richter 
scale in the year 2012.  The exploration and production activities in oil and gas 
industry remain vital for economy in Malaysia, where fixed offshore platforms are 
involved in most operations. 
 
Fixed offshore platforms will be good choice because of large number of 
those exploration and production platforms in Malaysia. They might be very 
vulnerable to the earthquake but have to prove with some research data and support 
using real fixed offshore platforms. 
 
 
1.2 Earthquakes in Malaysia 
 
 Most of the structural buildings in Malaysia are designed without considering 
the earthquake. It had been reported that most buildings were in good condition in 
Peninsular Malaysia and at least 50% of selected buildings were found to experience 
concrete deterioration problems due to vibration during earthquake (MOSTI, 2009).  
 
 However, Malaysia is located close to two most seismically active plate 
boundaries which are inter-plate boundary between Indo-Australian Plate and 
Eurasian Plate on the west and also the inter-plate boundary between Eurasian and 
Philippine Plates on the east (Husen et al., 2013). These plates undergo many small 
movements against each other from time to time. The plates can slide horizontally 
against each other or pull away from each other or can be coming towards each other 
causing one plate to dive beneath the other as shown in Figure 1.0. 
 
 
 
 
Figure 1.0: Types of Plate Movements (Ng Pek Har & Hadi Golabi, 2005) 
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The movements of involving large plates can cause a sudden movement that 
will result in huge energy to be released in the form of waves. These waves will 
travel inside the earth and along the ground which are felt by us as shakes and 
tremors.  
 
The intersecting edges of the plates are called faults. Therefore, an earthquake 
happens once there are both abruptslide on a fault, causing earth to tremble and emit 
seismic vitality affected by the slide or through volcanic or magmatic movement or 
further unexpected pressure adjustments in the ground.  The tremor effects are 
dangerous such as ground shaking, liquefaction, surface fault, landslide, tsunami and 
also tectonic deformation.  
 
The types of hazards depend on the geographical location, ground conditions 
and amount of tectonic activities along the faults. Geotechnical factors often exert a 
main influence on destruction patterns and loss of life in earthquake events 
(Aminaton Marto et al., 2011). Along the transmission during seismic waves, the 
resonance effect would cause amplification behavior during upward propagation. 
The amplified waves make the soil liquefaction possible to happen within the region 
(Aminaton Marto et al., 2014). The impact and damage due to tsunami depends on 
some factors such as wave speed and height of their coastal topography areas and 
also debris that are carried by water (Ghobara et al.,  2001). 
 
Microzonation is the mapping of seismic hazards at local scales to 
incorporate the effects of local geotechnical factors (Aminaton Marto et al., 2011). 
Figure 1.1 shows in the east of Malaysia, the Philippine Plate moves westward with 
an estimate velocity of 80mm/year and causes micro faults in Sabah (Rosaidi, 2001). 
Sabah is the only state in Malaysia that is exposed to earthquake activities compared 
to other parts of Malaysia. 
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Figure 1.1 : Philippine Plate Moves Westward  (Rosaidi, 2001) 
  
The Peninsular Malaysia, Sabah and Sarawak are located just behind the 
active seismic area. Therefore, there is an effort to investigate the behavior of 
offshore structures to sustain earthquake effects. The study covers the three legs and 
four legs of offshore platforms by using the software of SAP 2000 to make a model 
for the offshore structure. 
 
 
1.3       Problem Statement 
 
For along time, we have known that Malaysia are safe from earthquake 
disasters since Malaysia is in the earthquake-free zone. Even though Malaysia is 
regarded as stable, but it still faces slow magnitude earthquakes in Bukit Tinggi, 
Pahang and it has revealed that Malaysia is not free from seismic activities. 
 
Furthermore, if an earthquake occurs in the nearby countries such as 
Indonesia, Malaysia will also get the impact. Adnan et al., (2007) stated that 
Peninsular Malaysia does lie strictly on faults but they have been known to be strictly 
non-active faults. Malaysia is located in a very low seismic activity area but the 
active earthquake fault line is through the centre of Sumatera which lies just around 
350 km from Peninsular Malaysia. 
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Therefore when an earthquake occurs, buildings or any structures face some 
unpredicted risks from earthquake hazards. Since most of the structures in Malaysia 
do not include earthquake factors in their design consideration, this study is 
important to increase the awareness of earthquake design consideration. 
 
On 26 December 2004, the coastal area off northern Sumatra, Indonesia had 
been strucked by a massive earthquake which then triggered tsunamis around the 
neighboring countries such as India, Maldives, Malaysia, Thailand and Sri Lanka. 
Due to the massive earthquake that occured in Northern Sumatra, Indonesia with the 
magnitude of 9.0 in Ritcher scale, Malaysia was affected critically by this natural 
disaster.  
 
The earthquake in Indonesia triggered tsunamis in the coastal areas of 
Malaysia that caused serious injuries, loss of human lives, damage to man-made 
structures and etc. Although Malaysia is near to the epicenter of the earthquake, 
Malaysia escaped from the kind of damages that struck other countries near Sumatra. 
Since the western coast of Sumatra is the epicenter of earthquake, Malaysia is largely 
protected by that island from the worst case of tsunami.  
 
Even though Malaysia is safely protected but still there are some parts in 
Malaysia that have been affected such as Penang and Langkawi. It was reported that 
the number of lives lost was 68 in Penang (52), Kedah (12), Perak (3) and Selangor 
(1). Malaysia which is located at the peripheral of the fire ring and near to Indonesia 
and Philippines that are known for seismological activities in the past few years, 
shows that Malaysia could have a chance of being strucked by at least one moderate 
earthquake.  
 
In year 2012, Malaysian Meteorological Department detected eight 
earthquakes in the eastern part of Malaysia, Sabah and Sarawak with the magnitude 
between 2 and 4.5 Scale Ritcher (Bernama, 2013). This shows that Malaysia cannot 
ignore the threat of earthquakes since there was a record for earthquake occurrences 
even in small magnitudes.  
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Besides, in 1976, the strongest earthquake with a magnitude of 5.8 has been 
recorded in Lahad Datu, Sabah. “Malaysia is close to areas that have experienced 
strong earthquakes, including Sumatra and the Andaman Sea, while Sabah and 
Sarawak are located close to the earthquake zones of South Philippines and North 
Sulawesi. Therefore, the odds of an earthquake striking Peninsular Malaysia cannot 
be ruled out,” (Rosaidi, 2001). 
 
Although the tendency for Malaysia to be struck by massive earthquakes is 
quite slim, but the designs cannot ignore the threats for moderate earthquakes.  The 
damage by moderate earthquakes could defect the existing structures by the presence 
of cracks. Thus, it is really important to take into accounts earthquake impacts in 
structures especially in designing offshore platforms. 
 
 
1.4       Objectives 
 
There are many matters that require analyses in this research, but the main 
objectives of this research are: 
1) To develop the attenuation relationship for strike slip fault (data 
collection and statistical analysis) 
2) To determine the vulnerability and performance of existing fixed offshore 
structures in Malaysia under earthquake loads 
3) To study the dynamic characteristics and behaviors of offshore platforms 
 
 
1.5       Scope of Study 
 
This research is about the behaviour or response of fixed offshore structures 
under real earthquake ground motions. In order to achieve the objectives, the 
research scopes below are to be carried out:  
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1) Study architecture, structural and detailed drawings of offshore platforms. 
2) Analyze the data that given by Malaysian Meteorological Department 
(MMD) with the record starting from year 2004 to 2012 
3) Produce the attenuation relationship to the platform based on dataset 
provided by MMD. 
4) Model offshore platforms using computer SAP 2000 Analysis Software. 
5) Perform dynamic loads from real ground motions that were analysed. 
6) Perform time history analysis by using time history with the intensity of 
earthquake ground motions based on real data that are from the 
attenuation function. 
7) Perform software analysis to get the performance and vulnerability of an 
offshore platform under earthquake loads. 
8) Build a scale-down model to do a real data comparison with the SAP 2000 
Analysis Software analysis. 
 
 
1.6  Significance of Study 
 
Generally, Malaysia is a country that is not affected by earthquake disasters. 
Most of the structures in Malaysia are not designed to be earthquake resistant 
because there are no any special requirements or rules about that. However, 
Mukherjee et al., (2014) suggest to review seismic effects on offshore structures in 
Malaysia due to the recent seismic activities and Tsunami in year 2004.  
 
In addition, Malaysia is close to the two most seismically active plate 
boundaries which are the boundary between Indo-Australian and Eurasian Plate and 
boundary between Eurasian and Philippines Sea Plates (Seismicity in Malaysia and 
around the Region, 2013). According to Lai (2007), Malaysia experienced tremors of 
earthquakes from neighbouring countries such as Philippines, Indonesia etc. and 
especially places near to the seismically active zones such as parts of the coastal 
water of Sabah and Sarawak.  
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By conducting this research, the ground motion earthquake data are input to 
the SAP2000 and seismic responses of fixed offshore structures will be observed. 
From that, the necessity of the implementation of seismic designs in the jacket design 
of offshore platforms in Malaysia due to critical earthquakes will be concluded.  
 
Due to the fact of higher consideration of safety factors in designs of 
structures accompanied by higher cost of construction and time, an optimal design of 
jacket of fixed offshore structure is, therefore, necessary to save the cost and time but 
at the same time considering the safety of the structures. Thus, identifying the 
necessity of the implementation of seismic designs is crucial for an optimal design of 
fixed offshore structures.  
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